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Abstract 
 
The purpose of this MQP was to explore the relationship between the material properties, 
primarily tensile strength, of parts built in WPI’s rapid prototype machine and the build orientation of 
these parts.  A secondary purpose of the project was to provide results that future MQP groups could 
use to determine whether rapid prototyping or machining of parts was appropriate, thus saving time 
and money.  To compare the material properties of parts made in WPI’s rapid prototype machine to the 
actual material property values of ABS plastic, test pieces were made in nine different orientations.  To 
ensure that the material property values determined were as accurate as possible three different test 
methods were used.  First, experimental tests were done on the parts using the ASTM guidelines for 
three-point bending and cantilever beam to collect data.  The second test was run theoretically using 
the ANSYS computer program doing the same tests but this time removing human error.  Finally, the 
MathCAD computer program was used to calculate the theoretical values in an ideal situation so that 
the data collected from the experimental tests and the ANSYS tests could be compared to a specific 
value. After comparing data from the three tests, it was realized that a more accurate measuring system 
for the experimental test was needed.  The team concluded that the orientation of parts being built in 
WPI’s rapid prototype machine directly affects material properties.  This project was a good start to 
benchmarking WPI’s rapid prototype machine and will provide a solid foundation for future analysis.   
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Introduction 
 
The original intent of the rapid prototype machine is too easily make a plastic model from a CAD 
design to give an actual model of the piece to be sure it will work in the mechanism before going 
through extensive machining or having expensive casts made.  WPI owns a Dimension 1200es Series 3D 
printer from Dimension Printing which uses ABS plus plastic and can build pieces up to 10 by 10 by 12 
inches and parts cost $4 per square inch including support material.  Rapid prototyping is made by 
building a piece from the ground up layering the plastic where it is needed and in empty places support 
material is layered until the piece is complete.  The support material is easily removed by bathing the 
piece in a solvent leaving only the final product.  The advantage of the rapid prototype machine is that 
almost any shape is possible and the complexity of the pieces can exceed pieces made from casting. 
       People questioned the idea that the rapid prototype machine could make more than just 
prototype pieces and actually make parts of a mechanism.  The speed and ease of production you could 
produce a small number of pieces to fit in a mechanism.  The advantages are that there is no need for 
expensive injection molding equipment and the biggest advantage of rapid prototyping is that it can 
simply input a CAD file into the 3D printer and the piece will be made.  In doing this, there is no need for 
planning and setting up of complex manufacturing processes. 
    The goal of this MQP is to benchmark the strength of the rapid prototyped pieces in comparison 
to plain ABS plastic.  This project was done to also determine what orientation the pieces should be 
made in to be as strong as possible depending on what forces a piece would encounter.  This project 
was the groundwork for future projects at WPI to use the rapid prototype machine and know the 
strength of the piece and how it should perform under loading.   
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 The tests that this MQP performed were three point bending, tensile, and cantilever beam tests.  
These tests were chosen because they represent forces that parts usually face in mechanisms.  .  The 
three point bending test found Young’s modulus of elasticity of the plastic. The tensile test was 
preformed to find tensile strength of the product.  The cantilever beam test was preformed to find the 
bending modulus of the piece.  These tests were chosen because they would yield the most beneficial 
data for other MQP projects to have.  Furthermore, these tests show how a piece made by the rapid 
prototype machine would perform under loading in a broad range of situations. 
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Beam Analysis 
a. Three Point Bending 
The three point bending test is used to find the modulus of elasticity of the material used in the 
test pieces. The modulus of elasticity is the slope of the stress-strain curve in the elastic range of 
deformation. The modulus of elasticity, also known as Young’s modulus is used to show the strength of a 
piece and how much it deflects under loading.
 
The beam analysis of the three point bending test consists of a few calculations from simple 
measurements. The first measurements are for the depth and width of the piece that is being tested.  
After, measurements of the span of the two supports which remained constant throughout the testing 
were taken. The next measurement involves finding the mass of the weights that will be held by the 
beam. This weight involves the device used to apply the pressure and the additional weights. The final 
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unit needed to be found is deflection of the beam at each weight addition. This is found by measuring 
the original height and subtracting the new height. These measurements can be put into equations, as 
seen above, to calculate the stress and strain. The modulus of elasticity is the slope of the stress strain 
graph which can be calculated at every point by stress divided by strain. 
 
b. Tensile 
The Tensile test is run to find the ultimate tensile strength. The ultimate tensile strength shows 
the maximum amount of stress that can be withstood by a material. The ultimate tensile strength will be 
found in the plastic deformation region of the stress-strain diagram on most materials. 
To find tensile stength the width and depth of the pieces were measured. These two 
measurements were multiplied to find the cross sectional area. The test was run and the maximum laod 
in Newtons was recorded. The tensile stregth was found by dividing the maximum load by the cross 
sectional area and was found in Newton per meter squared. 
 
c. Cantilever Beam 
The cantilever beam test is run to find the bending modulus in plastics. This modulus is useful 
for figuring out the flexibility of a material over a wide range. Although similar to the elastic modulus it is 
slightly different and appropriate for use on beams that are not fully supported. 
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The bending modulus was found using the calculations for a beam in a fixed-free manor. The 
first steps of the calculations are to measure depth and width of the beam in order to find the moment 
of inertia for a rectangular cross section. The second step is to find the force applied to the piece and 
the moment that is created by this force.  After measuring the deflection you are able to determine the 
deflection of the critical point which is varied by the deflection of the critical point is the distance 
traveled of a specific point on the beam at the original span from the vise. The deflection of the critical 
point is used to calculate the bending modulus as seen in the equation above. 
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Procedure 
a. Three Point Bending 
i. Apparatus 
 The three point bending test could not be accomplished until an apparatus was designed and 
machined.  To give our group an idea of what we would need to design in Pro Engineer, we referred to 
the most updated version of the ASTM (issued for 2008).  In the ASTM manual test D 5934-02 “Standard 
Test Method for Determination of Modulus of Elasticity for Rigid and Semi-Rigid Plastic Specimens by 
Controlled Rate of Loading Using Three-Point Bending” specified that the apparatus must be made 
according to the following guidelines.  First, the apparatus must hold the test piece allowing for a 
controlled loading rate applied to the specimen in a three point bending configuration.  Next, the 
supports must have a cylindrical surface to avoid excessive indentation of the test piece.  Finally, a way 
to measure deflection needs to be a part of the apparatus.   
 The design of the apparatus was done in the Pro Engineer software package.  There were four 
parts that needed to be designed; the base, poles, shelf, and supports.  Even though the poles and 
supports needed to have two and three of each made respectively, only one model was needed for 
each.  All of the Pro Engineer drawings can be found in the appendices. 
The base design was done after seeing the table that we would be running our tests on.  The 
table that we used was in the physics department at WPI and had quarter inch holes spaced one inch 
from center to center.  The modeled table can be seen below in figure 1. 
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Figure 1: Optical Table 
With this knowledge we were able to design the base in a better fashion.  To ensure that the holes in the 
base would line up perfectly with the table, a slot was made on one side and a hole was made on the 
other.  Since the base was being screwed to the table, it was vital that we would be able to have it line 
up correctly.  By using a slot, it allowed us to have a greater margin for error while machining the part, 
but still have it work effectively.  The slot was designed by making two half circle arcs connected by lines 
in the desired location.  Once the sketch was made, an extruded cut was used to remove the material 
for the model of the slot.  After the slot was made, a larger sketch was made of similar shape and only 
cut down part way through the base to make a counterbore so the bolts that were used would sit down 
inside of the base.  This feature was also done using an extruded cut.  The model can be seen below in 
figure 2. 
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Figure 2: Slotted Counterbore Hole 
The hole that was made on the base part was done simply using the “hole tool” and specifying the 
dimensions that it needed to be.  Similar to the slot, the hole also was made with a counterbore, 
however, in this case the “hole tool” has a counterbore feature so the information was input there.  In 
figure 3 below the counterbore hole using the “hole tool” can be seen. 
                 
                     Figure 3: Counterbore Hole 
The next feature on the base part was the hole and the slot that were made for the support pieces.  
Again, a hole was made for the one side to have a set position and a slot was chosen for the other.  The 
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slot was chosen this time because as part of ASTM test D 5934-02, the supports must be 50 millimeters 
apart.  By using a slot, we were able to ensure that the distance would be correct.  After the two slots 
and two holes were machined into the aluminum base piece, it was complete and we were ready to 
machine the next part of the assembly.   In figure 4 below, the finalized base piece with the two slots 
and two holes can be seen. 
 
Figure 4: Finalized Base Piece 
The poles that were designed for this apparatus were specifically made for the table that we 
were using.  At the bottom of the poles there is a ¼-20 thread so that they would be able to screw into 
the table.  To save time and money, these two poles were not machined because the physics 
department had several already that came with the table.   
The shelf for this apparatus was designed after having the diameter of the poles.  The shelf was 
made to be rectangular in shape having a hole in each side so that it would be able to slide down the 
previously written about poles.  In the center of the shelf, a section of material has been removed so 
that the gram masses we used would sit nicely inside to give us a way to balance the weight needed to 
run the test.  The section of material was also designed with rounded edges so that it would be able to 
be machined in the shop.  Also, a hole was drilled into the center of the shelf so the knife-edged support 
could be attached with a bolt.  Figure 5 below shows the shelf piece design. 
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Figure 5: Shelf Piece 
The final parts to be designed were the three knife-edged supports.  The supports were made to 
have a knife-edge so that the contact point with the test piece was minimal ensuring that the test could 
be run accurately.  Three of these pieces would be used as part of the apparatus, two would hold the 
test piece on each side, and one would be attached to the shelf and push down in the middle of the test 
piece thus giving us the three point bending that we are testing.  The triangular piece was made by 
sketching a house shape and extruding it to the desired thickness.  Figure 6 below is the sketch. 
 
Figure 6: Support Sketch 
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When the extrusion was done, the sharp peak of the house sketch needed to be slightly rounded to 
make the machining process easier.  In figure 7 below, the finalized extruded support piece can be seen. 
 
Figure 7: Finalized Support Piece 
Once the design was complete, the drawings of the pieces were taken to the machine shop so 
that it could be machined out of aluminum making sure it would be strong enough for us to use during 
the testing process.  
The first parts of the apparatus machined were the three supports.  The drawing of the three 
support pieces was finalized and submitted to the WPI machine shop.  A short time after the submission, 
the parts were finished. 
The next part to be machined was the base part.  After a small tutorial from Neil, we were able 
to machine this part ourselves.  The aluminum for the base first needed to be rough cut to the correct 
size.  Next, two holes were machined into the base, one so that the support could be attached to the 
base, and the other so that the base could be attached to the table.  Both of the holes made were also 
made according to the design and were fitted with a counterbore.  This was a necessary design not only 
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because it made the part more aesthetically pleasing, but also in the case of the hole that was made for 
the support piece, if the bolt were not hidden inside of the base, it would not have allowed the base to 
sit flush with the testing table.  The next features that were designed for the base were the two slots.  
Each slot was also made with a counterbore for the same reason specified for the holes.  To make the 
slots, an initial through hole was drilled where the center of the slot was designed to be.  After the 
through hole was made, an end mill was used to slowly create the slot.  The slot was made 1/8 of an 
inch in both directions from center by lowering the end mill two tenths of an inch at a time and 
removing the material for the slot.  This process was long winded but necessary to ensure that the end 
mill would not be damaged in the creation of our slots.  When the slots were finished, so was the base. 
The final part that was machined was the shelf.  The shelf was another part that was submitted 
to the machine shop as a drawing for production.   After receiving the shelf part with the pocket, the 
holes were made on either side of the shelf so that it would be able to slide on the poles.  The diameters 
of the holes were important because if they were too snug it would not slide, but if they were too loose, 
they would wobble.  The final feature made for the shelf was the hole in the center.  This hole was 
needed so the knife-edged piece could be bolted to it.  After the shelf was complete, the apparatus was 
ready to be used for testing.  Below, in figure 8 the finalized three point bending apparatus can be seen. 
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Figure 8: Finalized Three Point Bending Apparatus 
 Along with this apparatus, a caliper was used to measure the deflection of the piece.  Adding 
this to our apparatus makes this device correct according to ASTM test number D 5934-02. 
ii. Test Pieces 
When the apparatus was designed and machined, it was necessary to create the test pieces.  
The test pieces were designed in Pro Engineer according to the ASTM specifications for the chosen test.  
The test pieces were made to be rectangular and to have at least 10 percent over hang from the support 
structure.  Once the beams were designed in Pro Engineer they were submitted to be rapid prototyped 
in the 9 different orientations that were created for testing purposes.  The orientation map can be seen 
in figure 9 below. 
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Figure 9: Orientation Map for All Parts Prototyped 
This orientation map was used for all of the pieces made for the three tests run during this MQP 
project. 
iii. Testing 
After the apparatus for three point bending was designed and machined, and the test pieces 
were rapid prototyped, the test was able to be run according to the ASTM manual.  The test that was 
run was done with respect to D 5934-02. 
The test was run using the optical table in the physics department at WPI.  To begin the test, the 
assembled apparatus needed to be bolted to the optical table using ¼-20 threaded bolts.   The test 
began by weighing the shelf and support that would be used to apply the force for three point bending.  
The weight was recorded and the test was ready to begin.  A test piece was placed across the two 
support structured and the shelf was lowered onto the middle of the span.  The test was done by adding 
200 grams every minute while recording the deflection of the test piece.  The test concluded after 7 
weight additions were made.  The data was collected and put into the equation that was provided by 
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the ASTM to calculate the elastic modulus of the material.  After the 9 different orientations were 
tested, the test was run again to make sure that the results were replicable.  
b. Tensile 
i. Apparatus 
The tensile test that this MQP project selected to run was according to test number D 638-03 
“Standard Test Method for Tensile Properties of Plastics.” from the ASTM manual (issued for 2008).  
Unlike the three-point bending test, this would not require our group to design and machine a testing 
apparatus because WPI is fortunate enough to have these machines on campus.  The only design that 
was needed was to create the test pieces that were made in the rapid prototyping machine.  The 
apparatus that WPI has on campus fits the guidelines specified in the ASTM manual.  For instance, the 
apparatus must have one stationary member carrying a grip and a movable member carrying a 
secondary grip.  Also, the test specimen shall be held in such a way that slippage relative to the 
previously talked about grips is prevented insofar as possible. 
ii. Test Pieces 
Similar to the three-point bending test pieces, the tensile test pieces were designed in the Pro 
Engineer software.  Using the ASTM manual as a reference, the pieces were designed.  To make the 
piece as described in the manual, several constraints were used to ensure that they were made 
correctly.  First, the distances of the test piece were designed within the ranges specified by the ASTM.  
The four radii were all made equal to ensure that the part was symmetric.  Next, the part was designed 
to be equidistant from the vertical and horizontal axes.  When this was done, the sketch was ready to be 
extruded to make the test piece.  In figure 10 below, the sketch of the tensile test piece can be seen 
showing the constraints used. 
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Figure 10: Tensile Test Piece Sketch 
When the design was satisfactory, it was submitted to be rapid prototyped like the three-point bending 
test pieces in the 9 different orientations required for testing. 
iii. Testing 
 When the rapid prototyping machine completed the test parts, the test was able to be run.  
Unfortunately, the tensile testing machines were not functional, so this test was unable to be 
completed.  If the test were able to be run, the procedure in the ASTM manual would have been 
followed to ensure the data collected was correct. 
c. Cantilever Beam 
i. Apparatus 
 The apparatus for the cantilever beam test was quite simple to make.  Only one piece needed to 
be designed and machined for this apparatus.  The reason this was so simple was because the three 
point bending apparatus was able to be used for the cantilever beam test as well with the addition of 
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one machined piece.  The apparatus works according to ASTM test number D 747-02 “Standard Test 
Method for Apparent Bending Modulus of Plastics by Means of a Cantilever Beam.” 
 The only piece that needed to be made was a vise type piece that would attach to the base 
piece from the previously described three point bending apparatus.  This piece was designed in Pro 
Engineer so that when it was bolted down to the top to clamp the test piece in place it would not hang 
over the edge of the base.  The reason for this design was so the test piece distance could be accurately 
measured from where it was clamped to the edge of the span.  The second and final design criteria for 
the vise piece was to have holes spaced 2 inches apart.  Since the base was already made to have a slot, 
the vise piece was made with holes only because it did not have to be exactly precise.  After the piece 
was designed it was brought to the machine shop. 
 
Figure 11: Vise Piece for Cantilever Beam Apparatus 
In the machine shop, a piece of material was cut to the correct size and shape was clamped into 
the mini mill.  Once clamped, two holes were drilled into the piece according to the model made in Pro 
Engineer.  Figure 11 above shows the modeled vise piece.  When the vise piece was complete, the 
apparatus was ready for testing.  Figure 12 below shows the finalized setup of the cantilever beam test 
apparatus. 
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Figure 12: Cantilever Beam Test Apparatus 
ii. Test Pieces 
In almost the exact same fashion as the three point bending test pieces, when the apparatus 
was designed and machined, the test pieces were modeled and created.  The test pieces were designed 
in Pro Engineer according to the ASTM specifications for chosen test.  The specimen was made to have a 
width between 5 and 25.4 mm provided the piece does not extend over the sides of the support nose.  
The minimum depth of the specimen was made to be 0.5mm deep as specified by the manual.  Finally, 
the span-to-depth ratio had to be greater than 15 to 1.  Once the beams were designed in Pro Engineer 
they were submitted to be rapid prototyped in the 9 different orientations that were created for testing 
purposes. 
iii. Testing 
After the vise for the cantilever beam apparatus was machined and the test pieces were rapid 
prototyped, the cantilever beam test was able to be run according to the ASTM manual.   The test that 
was run was done with respect to test number D 747-02. 
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The test was run using the optical table in the physics department at WPI, the same table that 
was used for the three point bending test.  To begin the test, the assembled apparatus was fastened to 
the table using ¼-20 bolts.  The first specimen was placed on the test apparatus approximately level to 
the surface of the table.  Weight was then added in 200g increments.  The test that was run in this MQP 
project differed from the manual at this point.  Instead of measuring an angle so that the bending 
modulus could be calculated, the deflection of the beam was measured and the angle was then able to 
be solved.  There was no satisfactory way of measuring the angle, so the deflection was the best 
secondary method.  When the test was complete, calculations were finished to determine the bending 
modulus of the test specimens.     
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Results 
 
 The results section of this paper will be written about as follows.  The three point bending test 
was run 18 times, 2 times per test piece.  All of the data that was recorded for this portion of the project 
is able to be seen in the appendices.  Only one set of data will be discussed because to talk about all 18 
sets would essentially be written the same.  The information can easily be applied to the rest of the sets 
of data after reading about one.  The tensile test unfortunately will have no results presented because 
the project was not able to access the machines to run the tests.  Finally, the cantilever beam test was 
run 9 times so similar to the three point bending test; one set of data will be thoroughly discussed to 
enable the reader to apply similar analysis to the rest of the data sets in the appendices.   
  The data that will be talked about for the three point bending test is for piece made using 
orientation 1.  Below, the excel spreadsheet can be seen of the two runs of the test in table 1 and 2 
respectively. 
 
Table 1: Run 1 of Three Point Bending Test 
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Table 2: Run 2 of Three Point Bending Test 
When the first test was run and the modulus of elasticity data was averaged, it can be seen that it is 
higher than that of what a solid machined piece of ABS would be at 2.3*106kPa.  When the data of the 
second test was averaged, it can be seen that the value of the modulus of elasticity is much lower than 
that of a machined piece of ABS plastic.  When the first and second averages are taken together, the 
modulus shows comes to be 2.012*106kPa, a .288*106kPa difference.  By running this test over and 
over, the human error would slowly become less apparent because the sample size would be great 
enough.  As of now, the test has been completely 1 time.  A complete run of the test requires each piece 
to be tested twice.  When more and more data is collected in the future, the actual modulus of elasticity 
for each orientation will be able to be attained. 
 To help show that the deflection collected during the actual testing varied from what a standard 
machined piece of ABS plastic would have been, the ANSYS software was used to run simulation.  The 
simulation data for piece 1 can be seen below.  The data entered into ANSYS used all of the same 
numbers as the actual test did with the exception of the modulus of elasticity.  The modulus of elasticity 
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for ANSYS was entered to be 2.3GPa (that of actual ABS plastic).  This was done so that the group would 
be able to see that the deflection of the ANSYS piece was less than the pieces that were actually tested.   
Figure 13 below shows the deflection results from ANSYS. 
 
Figure 13: Deflection Results from ANSYS 
 This would make sense because the pieces that are made out of the rapid prototype machine have gaps 
between the material, so the modulus theoretically should have been less, causing a greater deflection 
for the test pieces compared to the ANSYS model. 
 The final test that this MQP project has results for is the cantilever beam test.  For consistency, 
the first set of data will be discussed.  Below, the data for piece one of the cantilever beam test can be 
seen in table 3. 
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Table 3: Cantilever Beam Test 
The cantilever beam test, unlike three point bending, only required each test piece to be run 1 time for a 
complete test.  Looking at the above data for piece one, it can be seen that the average bending 
modulus is 2.054GPa, which is .246GPa different then the 2.3GPa that a machined piece of ABS plastic 
would have.  The rest of the data can be seen in the appendices.  All 9 orientations went through the 
same test and once it was complete, the data was averaged to achieve the final bending modulus.   
 Similar to the three point bending test, ANSYS was also used in this situation.  Figure 14 below 
shows the ANSYS deflection attained.   
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Figure 14: Deflection Results from ANSYS 
The same can be said for the cantilever beam test, that the deflection of the beam should have been 
greater for the test pieces compared to the ANSYS results.  This holds true for the same reasons as the 
three point bending test pieces.  
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Conclusion 
 
 After running all of the tests and analyzing the data, a conclusion to this project can be 
temporarily made.  This conclusion should only be temporary because to ensure that a final say on what 
orientation most nearly reflects the properties of an actual test piece machined out of ABS plastic the 
tests should all be re-run numerous times.  By running the tests multiple times, a more certain 
conclusion will be able to be made determining whether or not the data has been recorded accurately 
and the tests run properly.  This project was a good start to determining the best orientation but by no 
means should it be all that needs to be done to make a final decision. 
After reviewing the data for the three point bending test, it can be seen that building a test 
piece in the rapid prototype machine in orientation 8 that the piece will most closely act according to 
the specified modulus elasticity of 2.30GPa that a machined test piece would have.  Taking the average 
of the two tests, orientation has an elastic modulus of 2.1395GPa, only a .1605 difference.  After more 
testing is run, a more conclusive decision will be able to be made either verifying or disproving what the 
first round of testing has shown. 
The cantilever beam test currently has a similar result to three point bending in regards to more 
testing needs to be completed.  As of now, the orientation that most closely resembles the properties of 
a machined piece of ABS plastic is orientation 8 having a modulus of 2.221GPa, only .1605 different than 
piece of ABS stock.  Until further testing is done to collect more data, this would be the recommended 
orientation.  Unfortunately, with a sample size of only one test for each orientation, to make a final 
decision would be careless. 
All in all, this MQP was a good start to benchmarking the rapid prototype machine that WPI is 
fortunate enough to have on campus.  After seeing the results of this project and the errors that were 
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made, another group will be able to run this project more efficiently in the future.  This project will be 
great for continuation especially because both tests (three point bending and cantilever beam) have 
initially provided data supporting that orientation 8 most closely resembles a machined piece of ABS 
stock.  When more data is collected and a better way of measuring deflection is used, a final decision on 
orientation will be able to be made.  Even though a final decision was not made at the end of this 
project, the groundwork has been laid for a future group to have the tools and information they will 
need to complete this work. 
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Recommendations / Future Work 
 Over the course of this MQP project, several things arose that either could have or should have 
been done differently.  First of all, it would have been beneficial to create an outline for this MQP 
project before the start of it.  If there was an outline for what would have to be completed, time 
management could have been used more efficiently.  Also, knowing what is to be done for the project 
would allow a group to figure out how practical it is to complete everything.  The next recommendation 
would be to choose all of the tests that need to be run as well as to understand all of the tests before 
the end of A-term.  If the tests were completely understood we would have realized that they would not 
be able to be run as precisely as we had originally thought.  This made us run into trouble when we were 
trying to measure deflection of a test piece.  Using the tools that we could locate (a caliper) the 
measurements were not as precise as they could have been and could easily have been the cause of 
faulty results.  Another big issue that could have been avoided was to make sure that on campus 
equipment is actually available to be used by undergraduate students.  The tensile test was unable to be 
completed because the machines for undergraduate use were not functional and the graduate machine 
was not allowed to be used.  If this was looked into before we began doing work, we would have saved 
money on our MQP budget because he was already pushed ahead and had the test pieces rapid 
prototyped before this discovery.  The next issue that we had was not making sure that all of the 
weights we were going to use would fit between the posts of the apparatus for three point bending.  
When we went to run the test, we realized this issue.  Even though it was a minor setback, it caused us 
to waste time and to create another piece for the apparatus so that it would be functional for the 
testing procedure.  In addition, when a group was to do this project again it would be a good idea to 
compare the data that was attained in the tests during this first run of the MQP to the data they were to 
record.  In doing this, they would be able to see how much more accurate their way of measuring 
deflections was.  Looking at the data during the first run of the MQP shows a good amount of human 
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error in measurements, so if a future group could help eliminate that then their data would be more 
reliable and a final orientation could finally be chosen.  The last major issue that we realized at the end 
of the project was that we needed to take better notes.  Many times we would remember things that 
we did, but would waste time trying to recall exactly what it was because our notes were less than 
perfect.  With better notes, the paper would have been easier to complete and not be as time 
consuming.    
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Appendix A: Three Point Bending Test One Excel Data 
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Appendix B: Three Point Bending Test Two Excel Data 
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Appendix C: Three Point Bending ANSYS Data 
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Appendix D: Cantilever Beam Excel Data 
 
 
  
49 
 
 
  
50 
 
 
  
51 
 
 
  
52 
 
 
  
53 
 
Appendix E: Cantilever Beam ANSYS Data 
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Appendix F: Pro Engineer Drawings 
 
***All Pro Engineer drawings can be found on the following pages of this .pdf 
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